In this paper, two types of material forming filter cakes with different compressibility and compactness, namely CaCO 3 and Kaolin were examined in a new test cell. Our measurements in the new test cell showed that C -P test data could predict reasonably well the actual filtration process. Taking into account the effect of side-wall friction, there were about 2-15 and 1-16% differences in average cake specific resistance for CaCO 3 -H 2 O and Kaolin-H 2 O system, respectively, between the C-P prediction and the actual filtration process in the pressure range of 1 -8 barg.
Introduction
Since Ruth [1] introduced the concept of compression -permeability testing in 1946, compression -permeability or C -P cell has been used as a standard tool to study the effect of compressive pressure on the porosity and specific resistance (or permeability) of a compressible filter cake. He reported that specific resistance predicted from the compression -permeability test was 10 -15% lower than the constant pressure filtration for his CaCO 3 -water system. The effect of sidewall friction was neglected in his studies. Grace [2, 3] reported that the average specific cake resistance predicted from compression -permeability data for ten materials agreed within 9 10% with values determined from actual constant pressure filtration. Other researchers also showed that the specific resistance of filter cakes could be predicted from C-P cell data [2] [3] [4] .
The effect of sidewall friction plays an important role in filter cake analysis. Grace [3] reported that this sidewall effect was not significant when the cake L/D ratio was less than 0.6. However, other researchers later discovered that the transmitted pressure was still less than 85% even for a cake with L/D ratio of less than 0.2 [5] [6] [7] .
Traditionally, both the compression -permeability and filtration tests were conducted in two different units. This method may lead to uncertainties because of the irreproducibility of cake interface conditions and cake internal structure. As such, an exact correlation between conditions in a C-P cell and in an actual cake filtration process should be established for a proper study of filter cake.
The new C -P test cell ( Fig. 1 ) that we developed for filtration and filter cake studies can serve as an accurate C-P cell, as well as a variable-volume filtration chamber, thereby enabling a direct comparison and correlation between the data. It is equipped with a computerized test system that can automatically control the operating parameters such as the applied loading, the piston's moving speed and vertical travel. It also advantageously provides means for determinations of transmitted pressure, wall friction exerted by the filter cake, cake displacement rate and filtrate flow rate. Detailed descriptions of this new multifunction test cell can be obtained from our first journal paper [8] .
Experiment
In the C-P testing, the cake was pre-formed in the new test cell and compressed for about 24 h until an equilibrium thickness was obtained. Thereafter, de-ionized water was passed through the cake to determine its permeability under the respective pressure. A fresh cake was pre-formed for each compressive pressure in study. In the constant pressure filtration test, the respective slurry with known concentration was forced into the filtration chamber by means of pressurized N 2 gas. The range of filtration pressure used in our study was 1 -8 barg.
Two types of material, i.e. CaCO 3 with moderate compressibility, and Kaolin with high compressibility were examined. CaCO 3 powder was obtained from Fisher Scientific with a bulk density of 2.655 g cm − 3 and a mean volume diameter of 3.41 mm. Kaolin powder was obtained from Merck with a bulk density of 2.704 g cm − 3 and a mean volume diameter of 2.22 mm. The ratio of cake length to cake diameter (L/D) in this study ranged from 0.2 to 0.3. The amount of materials used in each C-P test was 50 and 100 g for CaCO 3 and Kaolin, respectively.
Results and discussion

Correction of side-wall friction
In our study, the side-wall effect has been taken into account to characterize the filter cake parameters, where the effective pressure was taken as the log mean value of the applied and transmitted pressure. Lu et al. [9] have shown that the mean applied pressure calculated from this simple formula agreed very well with the results corrected by their equation derived from stress analysis [Equation 23, 9] .
From Fig. 2 , our measurements show that the transmitted pressure was still less than 85% even when the cake L/D ratio was about 0.2. The loss of applied pressure due to sidewall friction in Kaolin cake was observed to be higher than CaCO 3 . This might be due to Kaolin particles are more compactable and tend to pack more closely with each other, constituting to the higher side wall friction.
Filter cake compressibility and permeability
Based on the instantaneous cake thickness data obtained from C-P test, the filter cake porosity, m and specific resistance, h can be determined from the following equations, respectively [7] : where A is the cross sectional area of cell; g, acceleration of gravity; L, cake thickness; Q, filtrate flow rate; R m , medium resistance; t, time; W s , total mass of dry solid; v, liquid viscosity; z s , solid particle density; z, liquid density; DH, constant liquid head. The cake porosity and specific resistance are related to the compressive pressure, respectively, in the form of power function, as shown in the following constitutive equations [10] [11] [12] :
where p s , solid compressive stress; P h , arbitrarily determined empirical constant; n, i, empirical constants; m 0 , cake porosity at zero stress; h 0 , cake specific resistance at zero stress.
The constitutive parameters were determined from non-linear regression analysis of the C-P data and the parameters so obtained are listed in Table 1 for CaCO 3 -H 2 O and Kaolin-H 2 O systems, respectively. The degree of fittings can be seen graphically from Fig. 3(a and b) , Fig. 4 (a and b) for both systems in study. As anticipated, Kaolin is shown to be more compressible than CaCO 3 by having higher values of compressibility coefficients, i.e. n and i. Accordingly, Kaolin has a lower porosity and lower permeability compared with CaCO 3 .
Subsequently, the average specific cake resistance, h hw and average cake porosity, m hw are derived from Eqs. (3) and (4) as follows [12] :
For filtration test, the average cake porosity was calculated from the following equation:
where s is solid particle mass fraction in the suspension, L, cake thickness. The filtrate volume per unit area at the end of cake formation, V f , can be determined from the transition point of the plot of t/V versus V based on the conventional filtration equation [13] :
where V, cumulative filtrate volume per unit medium area; P o , suspension pressure; c= zs/1− ms, mass of solid per unit volume of suspending liquid; m = (1−m hw )z s +zm hw /(1 −m hw )z s =mass ratio of wet cake to dry cake.
The average specific cake resistance could be calculated from the slope of the same plot. Fig. 5(a and b) , Fig. 6(a and b) show the comparisons between the average specific cake resistance and average cake porosity obtained from filtration test results and those according to Eqs. (5) and (6) with the constitutive parameters determined from C-P test data in Table 1 . In general, the results predicted the correlation based on C -P test agreed reasonably well with the actual filtration test. The differences are only within 2-15 and 1 -16% for average specific cake resistance of CaCO 3 -H 2 O and Kaolin-H 2 O system, respectively, in the pressure range of 1-8 barg.
Correlation between C-P and filtration data
For CaCO 3 cake, C-P test predicted a higher average specific resistance compared with the actual filtration test (Fig. 5a ). This might be ex-plained as follows: in C-P test, the corrected compressive pressure exerts only onto the solid particles in the pre-formed cake, whereas in the actual filtration test, the supplied gas pressure exerts onto the slurry (solid particles suspended in liquid) to force it into the filtration chamber. Hence, the solid particles in the C-P test shall be more compact and lead to a higher average specific resistance compared with actual filtration test. In addition, the pre-formed cake in C-P test is subjected to the respective compressive pressure until an equilibrium condition or thickness is reached before de-ionized water is allowed to permeate through the cake. This is different from actual filtration test because filtration is a time-dependent and dynamic process. On the other hand, for a highly compressible material like Kaolin, C -P test predicted a lower average specific cake resistance (Fig. 6a) . This might be due to the inherent differences between the cake material and characteristic like their compressibility.
In terms of average cake porosity, C-P test predicted a higher value compared with actual filtration test for both materials (Fig. 5b and Fig.  6b ). The differences are within 3-4% for CaCO 3 cake and 4-18% for Kaolin cake. In our filtration experiments, it was found that during a run, the concentration of the influent slurry decreased slightly with time. This could be due to the settlement of slurry particles in their transport through the pipeline connected to the filtration chamber. As a result of this concentration decrease, there was a slight shift of the transition point (V f ) to a higher value. According to Eq. (7), a higher value of V f leads to a reduction of m hw . Thus, the average cake porosity estimated from Eq. (7) based on V f was found to be lower than the predicted values. Nevertheless, the predicted values of the average specific cake resistance and porosity from C-P data follows closely the trend displayed by the results based on filtration data within the pressure range used in this study.
Conclusion
Using our new test cell, both the filtration and C -T tests could be carried out in the same cell, thereby enabling a direct comparison and correlation of the results. In addition, the wall friction could be accounted for in the analysis of average porosity and specific resistance of a filter cake. Although there were some discrepancies, as reported by other researchers between the actual filtration data and predicted values, depending on the material used, the predicted values of the average specific cake resistance and porosity from C-P data followed closely the trend displayed by the results based on filtration data within the pressure range used in this study.
